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B ^ HEPATOCYTE L INEAGE CELLS DERIVED FROM PLUK1POTENT STEM CELLS 

& (571 Abstract: It has been discovered that when pluripotent 

^ Smtn ^r; cultured in the presence of a hepatocyte , drf- 

EnSn agent, apopulation of-Us is derived *at has a 
remarkably high proportion of cells with phenotypic cnar 
S2£ oflfver'ceSL In one example human embryonic 
«Z l cells are allowed to form embryoid bod,es, and then 
combS 5i the differentiation agent n-butyrate, apW- 

nooulation is obtained, which is predominated by cells with 
molTog cai features of hepatoses, expressing surface 

and biosynthetic activity important for liver funcuoa, Smce 
l m cells readily proliferate in culture, this system proves 
S^STt J£ of cells of the hepatocyte lineage for a 
variety of applications, such as drug screening, and replen- 
istog liver function in the context of clinical treatment. 




r ^ i»„*r codes and other abbreviations, refer to the "Guid- 
, , AM AZ. BY KG, KZ. MB, RU, TJ, TM), European For ^ and Abbreviations" appearing at the begm- 
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HEPATOCYTE LINEAGE CELLS 
DERIVED FROM PLURIPOTENT STEM CELLS 



hepatocyte lineage under special culture conditions. 



Rn rT cn APPt NATIONS 



RACKGROUND 

^ed.ateandcsfcs.roph ,c— .^^^tTJ^---«^--«--- 

,erms of liver disease, such as chrome "^" i 8n ^' S an ' d , ^ ng . tetm pr0gn08ls . ,„ the United Slates, 

about 4,500 donor livers available for transplant js compromisedi 

,at livers. Michalopoulos et al. (Hepalology 1* » °> J d8veloped ^a,^ 

nonpar— ceiis ,n ^ ~ „ p 2* cuttures o f hepatoses induced » a 

tor expansion, clonal growth, and speclta dferentation " pnm ry that „,„„„, 

combination c, urowt* facers in a chemidiy dating ^ "oval cells") *- «-» - 

ra , „ve, cans derive from precursors (schemes referred «o as ^ Am pa , ho , 

150:591, 1997; M. Alison, Current Opin. Cell Biol, io./iu. i» 

Germain etal., Cancer Res. 48:4909, 1988). recons titution therapy has not been 

Ungate*, a ready source c« hepato* -J ^ l„ g me , hod and medlum fo r 

SV40 virus (U.S. Patent 5.869, 243). 
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A particularly important development has been the of W . ^ ^ 

«hP S >ce, te( rom embryonic,,^ 

rinrr=^— *»---'•-*---- 
Thomson et al. (US Patent 5,843^ • subseq uently denved human embryonic stem 
success* cui^re emblem eels - Jh V , ^ ^ 
<hES) cell lines from human blastocyst (Sconce 282.11*. l ) ^ ugA 
emb^cnic gem, (hEO, eel, lines trom tela I gonada^ s^S « ° ■ ^ _ ^ ^ 
35:13726. ,838 and imernational Patent ^ «°J~ re ^ ol ong „i„ g predion B *o 
sough, cl—lcs 0, human plunpofcn -» »«> - ^ ^ ^ ^ ^ 
without differentiating, they retain a normal Karyotype, a 

4a "X» — - - »zz7S,x::^^^ 

SUMMARY 

stem ( P PS) cells in such a manner that a s.gn-fcant proport, o * «* P P ^ 
8 ,ucose*,hosphatase ac«y; and morpholep '^^^^"^^ 
originated trom hlan biastccysts. The differentiated celis are generated by cu»unng th. pPS 
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growth environment that comprises a hepatocyte differentiation agent, such as n-butyric acid I or other 
differentiation agent outiined in the disciosure. The differentiation agent can be added d.rectly to 
undifferentiated P PS ceils cultured with or without feeder cel., Alternatively, the P PS cells are allowed to 
differentiate into a mixed cell popu.ation (e.g., by forming embryoid bodies or by culture overgrowth), and the 
differentiation agent is added to the mixed population. What emerges is a less heterogeneous popu.at.on ,n 
which a substantial proportion of the cells have the desired phenotype. In some instances, the culture method 
also includes hepatocyte maturation factors such as those exemplified in the disclosure, which include 
solvents like DMSO, growth factors like FGF, EGF. and hepatocyte growth factor, and glucocorticoids like 
dexamethazone. 

Another embodiment of the invention is a differentiated cell having characteristics of a cell of the 
hepatocyte lineage, which is either harvested from a differentiated cell population of this invention, or is the 
progeny of a cell harvested from such a population. Exemplary is a differentiated cell produced by providing a 
human pluripotent stem (hPS) cells in a growth environment essentially free of feeder cells; culturing the hPS 
cells in a medium containing a hepatocyte differentiation agent under conditions that produce a cell population 
enriched for cells with characteristic features of hepatocytes; and subsequently harvesting the differentiated 
cell from the enriched cell population. 

Another embodiment of the invention is a method of treating human pluripotent stem (hPS) cells to 
obtain differentiated cells that can be maintained in an in vitro culture, by providing a culture of the hPS cells, 
and culturing the cells on a substrate in a culture medium containing a hepatocyte differentiation agent under 
conditions that permit enrichment of the differentiated cells. Beneficial techniques and reagents for use In the 
context of such methods are detailed later in the disclosure. Also embodied in the invention is a differentiated 
cell produced according to a method of this invention, particularly those having characteristics of cells of the 
hepatocyte lineage. 

Yet another embodiment of the invention is a method of screening a compound for hepatocellular 
toxicity or modulation, comprising contacting a differentiated cell of this invention, and determining any 
phenotypic or metabolic changes in the cell that result. Another embodiment of the invention is a method of 
detoxifying a fluid such as blood, comprising contacting a differentiated cell of this invention with the fluid under 
conditions that permit the cell to remove or modify a toxin in the fluid. In this context, the differentiated cells 
described in this disclosure can be used as part of a liver support device, or for therapeutic administrate for 
reconstituting hepatocellular function in an individual. 

These and other embodiments of the invention will be apparent from the description that follows. 

Drawings 

Figure 1 is a half-tone reproduction of a phase contrast photomicrograph (4X, 10X, 20X). Right side: 
Embryoid body cells from human pluripotent embryonic stem (hES) cells were cultured for 2 days in the 
hepatocyte differentiating agent n-butyrate. The resulting cells show homogenous morphology. Left side: 
Embryoid body cells cultured in serum (FBS) containing medium alone. There are heterogeneous patches of 
cells that show the morphology of many different cell types. 

Figure 2 is a half-tone reproduction of a phase contrast photomicrograph (10X in the upper two 
panels, 20X in the other panels). These are cells that have been differentiated by culturing 6 days with 
n-butyrate. The cells predominantly demonstrate characteristics of mature hepatocytes. The cells in this field 
are binucleated and polygonal in shape, and express markers of mature hepatocytes detectable by 
immunostaining or reverse PCR. 
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Figure 3 is a half-tone reproduction showing the results of immunohistochemical staining for certain 
cell specific markers (right side), compared with the position of cell nuctei in the same field (bisbenzimide 
staining left side). Figure 3A (40X) shows the results for adult human hepatoses; F.gure 3 B (20X) shows 
the results for hES cells differentiated by culturing 6 days with n-butyrate. Both cultures show a high 
proportion of cells staining posttive tor albumin, ^-antitrypsin, and CD18, (three markers characteristic of cells 
of the hepatocyte lineage), and negative for a-fetoprotein (a marker of less mature cells). 

Figure 4 is a half-tone reproduction of cells stained with Periodic Acid Schiff for the presence of 
glycogen (10X and 40X). -60% of the butyrate treated cells (top row) show evidence of glycogen storage, 
compared with -80% in fetal hepatocytes (middle row) and virtually none in the fibroblast cell line (bottom row). 

Figure 5 is a half-tone reproduction of a phase contrast photomicrograph (10X, 40X), showing cells at 
various times during an exemplary differentiation and maturation process. Row A shows cells 4 days after 
culture in SR medium containing 5 mM sodium n-butyrate. More than 80% of cells in the culture are large in 
diameter containing large nuclei and granular cytoplasm. After 5 days, the cells were switched to spec.al.zed 
hepatocyte culture medium (HCM). Rows B and C show the appearance after culturing in HCM for 2 or 4 
days. Multinucleated polygonal cells are common. By these criteria, the ES-derived cells resemble freshly 
isolated human adult hepatocytes (Row D) and fetal hepatocytes (Row E). 

Figure 6 is a bar graph, showing activity of cytochrome P-450 enzymes 1A1 and 1A2 (CYP1A1/2). 
The enzyme was induced by culturing with 5 uM methylchloranthrene (MC), and then measured using 
ethoxyresorufin. CYP1A1/2 activity was detected in two hepatocyte lineage lines derived from the H1 line of 
ES cells and one derived from the H9 line. The level of activity exceeded the level observed in two 
preparations of freshly isolated human adult hepatocytes (HH). Activity in undifferentiated H1 and H9 cells and 
• BJ embryonic fibroblasts was negligible. 

DETAILED DESCRIPTION 

This invention provides a system for preparing differentiated cells of the hepatocyte lineage from the 
pluripotent stem cells of primate origin. 

It has been discovered that when pluripotent stem cells are cultured In the presence of a hepatocyte 
differentiation agent, a population of cells is derived that has a remarkably high proportion of cells with 
phenotypic characteristics of cultured liver cells. Optionally, the effect can be enhanced by also culturing the 
cells in the presence of a hepatocyte maturation factor. Since pluripotent stem cells can proliferate in culture 
for a year or more (over 300 population doublings), the invention described in this disclosure provides an 
almost limitless supply of hepatocyte-like cells, suitable for a variety of developmental and therapeutic 
purposes. 

Figure 2 shows phase contrast photomicrographs of cells that have been differentiated by culturing 
with a prototype hepatocyte differentiation agent, n-butyrate. The cells show uniform features of hepatocytes, 
including a polygonal shape, and display characteristic phenotypic markers such as albumin, ^-antitrypsin 
(AAT), and the asialoglycoprotein receptor, while lacking a-fetoprotein. The cells have been maintained in 
butyrate-containing medium for periods of 1-3 weeks. 

The discovery is surprising, in view of the fact that histone deacetylase inhibitors like butyrate and 
trichostatin A have been implicated in the differentiation of a wide variety of cell types. A priori, it would be 
logical to predict that butyrate would drive pluripotent stem cell populations to differentiate into a widely 
heterogeneous population, such as results from growing embryonic stem cells without feeders, or in the 
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presence of retanoic acid. Contrary to this prediction, a remarkabiy homogeneous population of hepatocyte 

" nea9e ^— s an important new paradigm ,n different of Human potent stem eel! 
popuiations. To our knowledge, there have been no pubiic reports of such a uniform popuiation of hepatocyte 
lineaae cells being obtained from any type of embryonic stem cell. 

9 The effe ts of butyrate on DNA synthesis and marKer expression in primal 
been studied by Giadhaug et a.. (Cancer Res. 48:6560, 1988), Enge.mann et al. (In vftro Cel.. Dev B.o 23:86. 
TZ) decker et a.. (J. Physio,. 135:367, 1988; Arch. Biochem. Biophys. 261:291, 1988; and Biochem. 

i<™ ^ ^ * butyrate ° n human ,iver cei * ,ines ha * be ; n s r : d y f 

si et a. (.nt J Cancer 48:291, 1991) and Yoon et a., (.nt. J. Artif. Organs 22:769. 1999). The effects of 
^ ™. ce.,s (a hepatocyte precursor) have been studied by Pack et al. (Exp. Cel, ■ R~ 204:19^ 
2 1 and Germain et ,. (Cancer Res. 48:368, 1988). The effect of THchostatin A on rat hepatic stella ece 
n prLry cu.ture was studied by Niki et al. (Hepatology 29:858, 1999; and European Patent App.^n 
EP 9837^42 Al). The effect of butyrate on embryonic rat llver epithelial cells bipotentia, for hepatocytes and 
EP9B,:> ' _ JU D1 . ... , Pvn Ce |i Res 21-22 1995). The effect of butyrate on cultured 

biliary epithelium was studied by Bloum et al. (Exp. Cell Res. zi.^, 

rat L epithelial cel. precursors was studied by Coleman et al. (J. Ceil. Physiol. 161:463. 1994). LE. Rogbr 

utyrate induced rapid hepatocytic differentiation. Watkins et al. (J- Dai* Res . 66:559 ,1999) report tH 
butyric acid can also induce apcptosis in human hepatic tumor cells. All these stud.es relate to cells that are 
maturehepatocytes.eithertransformedlivercells.orcommittedhepatocyteprecursorceils. 

Butyrate has been shown to have a differentiating and modulating effect on a vanety of other ce 
types, both in cuiture and in *vo. Kosugi et al. (Leukemia 13:1316, 1999) and Tamagawa (BiosC. BiotechnoL 
eLhem. 62:1483, 1998) report that histone deacetylase inhibitors are potent inducers of d,fferent*t,on ,n 
acute myeloid leukemia cells. Davis et al. (Biochem J. 346 pt 2:455, 2000) and Rlvero e. a . (B,ochen, 
Biophys. Res. Commun. 248:664, 1998) discuss the effect of butyrate in erythroblastic dtferenfaton. Pemne 
I a. (Am. J. Pediatr. Hematol. Oncol. 16:67, 1994) and Perrine et al. (N. Engl. J. Med. 328:81, 1993 have 
proposed butyrate derivatives as agents for stimulating fetal globin production in beta-globin disorders. Tal et 
al. (Hematol. Oncol. 14:181, 1996) ana.yze the effect of butyrate differentiation of eosinophilic granule- 
contammgceils.^ ^ fQf . |nducjng differentiation D f epithelial cells, in which 5 mM 

butyric acid is added to undifferentiated cells on a dried native fibrillar collagen cell culture substrate. Yamada 
et al (Biosci Biotech. Biochem. 56:1261, 1992) studied the effects of butyrate on three fibroblast and two 
epithelia. ce.l lines. Jeng et al. (J. Periodontal. 70:1435, 1999) studied the effects of butyrate and propionate 
on cultured gingiva, fibroblasts. Devereux et a.. (Cancer Res. 59:6087, 1999) reported that treatment of a 
, human fibroblast cell line with trichostatin A induced the cells to express telomerase reverse transcnptase. 
Yabushita et al. (Oncol. Res. 5:173, 1993) studied the effects of butyrate. DMSO and dibutyryl cAMP on 
ovarian adenocarcinoma cells. Graham et al. (J. Cellular Physiol. 136:63, 1988) report that sodium butyrate 
induces differentiation of breast cancer cell tines. Kamitani (Arch. Biochem. Biophys. 368:45 1999) 
Siavoshian et al. (Gut 46:507, 2000), and Reynolds et al. (Cancer Lett. 11:53, 1998) studied the effect of 
) sodium butyrate and trichostatin A on the proliferation and differentiation of human intestinal epithelial cells 
and colon cancer cells. McBain et al. (Biochem. Pharmacol. 53:1357, 1997) report that apoptotic death ,n 
adenocarcinoma cell lines can be induced by butyrate and other histone deacetylase inhibitors. 

Rocchi et al. (Anticancer Res. 18:1099, 1998) and Matsui et al. (Brain Res. 843:112, 1999) report the 
effect of butyrate analogues on proliferation, differentiation, and induction of catecholamine synthesis in human 
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. i 6tftmfl rplls Qinenwater et a!. (Head Neck 2:247, 2000) studied the effects of sodium butyrate on 

:rr^i c :rr Buo m io ... ( , M0 , — - — 0{ « C e« 

dilation of seminal vesicle epithe.ia. cells. Sun et a.. (Upids 32273, 1997) stud,ed butyra ennduced 
d— ion of glioma cei.s. Wang et al. (Exp. Ce,.. Res. 198:27. 1992) studied the effect of n-butyrate ,n 
« ting nol. human keratinocytes. Perez et a.. (J. Surg. Re, 78:1. 1998) report t at butyrate 
PGE2 production by Kupffer ce..s and modules immune function. Schuitz et a, (J . Exp Zoo.. 
ZToe, Evo..) 285:276. 1999) found that treatment of 2-ce.l embryos with histone deacet,ase _ 
.programmed expression of certain genes. Chen et a.. (Proc. Nat.. Acad. So. 94:5798 1 97 and PCT 
application WO 97/47307) report the use of histone deacetylase inhibitors for react.vat.ng wally transduced 
genes. Simon et a.. (Regul. Pept. 70:143. 1997) studied the effects of butyrate on inducing differentiation of 
pancreatic islet cells, resulting in an increase in insulin production. 

Because butyrate and related compounds promote differentiation in such a large number of different 
ce „ types one would expect a priori** treating a mixed cel. population derived from pluripotent embryonic 
cells wou.d cause each cell in the population to differentiate further along the line to which it ,s already 
committed - resulting simply in a more mature mixed ce.. P opu.ation. It could not have been predicted that 
butyrate treatment wou.d result in a uniform ce.l population - or what tissue type such cells wou d become. 

This invention relates to the surprising discovery that culturing embryonic p.unpotent cells wrth 
butyrate (or another hepatocyte differentiation factor, detailed be.ow) produces a population of cells that has a 
remarkably high proportion of cells with phenotypic characteristics of liver cells. 

A frequent consequence of culturing pluripotent celis with the different.at.on factors .s that over 80^ 
of cells are lost from the culture in the first 24 hours. What emerges after several days In culture is a 
population predominated by cells having characteristic features of the hepatocyte lineage - such as a 
poiygona. binucleated phenotype. markers such as ^-antitrypsin, and albumin, and express.on o 
metabo.ica.ly important enzyme activity, such as the cytochrome P 450 enzymes 1A1 and 1A2. Wh e not 
im P .ying any limitation on the practice of the invention, it is hypothesized that butyrate and other d.fferenfcaUon 
factors either help induce cells to commit to the hepatocyte Hneage - or preferentially promote survval of cells 
of the hepatocyte lineage - or have a combination of both these effects. 

What follows is a further description of how this culture system can be employed to generate 
hepatocyte lineage cells from pluripotent embryonic stem cells of primate origin. The use of hepatocyte 
differentiation agents (exemplified by but not limited to n-butyrate) is described, along with other features of the 
culture system that promote generation of hepatocyte lineage cells in culture. 

Since pluripotent embryonic stem cells can essentially be grown indefinitely, this system provides an 
unbounded supply of hepatocyte-like cells for use in research, pharmaceutical development, and the 
therapeutic management of liver disease. 

Definitions 

The terms "hepatocyte lineage" cell, "hepatoblastoid" cell and "hepatoembryoid" cell may be used In 
reference to the differentiated cells of this invention, obtained by differentiating pluripotent celts in the manner 
described The differentiated cells have at least one of a variety of distinguishing phenotypic charactenst,cs of 
j known hepatocyte precursor cells, hepatoblasts. and hepatocytes. as provided later in this disclosure. By the 
use of these terms, no particular limitation is implied with respect to cell phenotype. cellular markers, cell 
function, or proliferative capacity, except where explicitly required. 

A -hepatocyte precursor cell" or a "hepatocyte stem cell" is a cell that can proliferate and further 
differentiate into a hepatocyte, under suitable environmental conditions. Such cells may on occasion have the 



PCT/US01/13471 

WO 01/81549 

capacny to produce other types o, progeny, such as ova, c* * duo, ep,the„a, c* « add,t,ona, 
tePa ~Z agent- and .epatocyte matured factor- are .0 terras with Cerent 

„n. tn this disclosure to represent a collection of compounds mat an be used m prepanng and 
:llt---c*o 1 *. invent. These a g en B are turner dadoed and exe m p,«ed >n tne 
ha toll The terms are no. mean, to Imp,, a particular mode or Uming o, ac,ion, and no su* 
secuons ,ha, Mow , ocyte p^Bve factor is a biological or synmeuc compound (a 

*z - •» - ~- — ~* 

""""owe -prlmate Pluripotent S,em ce»s" ,pPS cel., are plurfpoten, ceils derfved from p™, 
smbryonb emtonTc. or fetal tissue a, any time after fertlli^on, and have me charac<ens«c o, be,ng capable 

ricLl. pPS ceifs are capabie 0, producing progeny tha, are derives o f a o, ft. three genn^ 

»■ ™> M,oc,erm ' aooo,d ' n9 ,o 8 * anMI a,, " ac<!BP, 

,oma,8 :rr;:rp,r o, PP s a, ^ ^ <-> .* a S * 

Thomson et i, ScLce 282,145, ,998; emb^onlc stem cells from other primates, s^h as Rhesus stem 
ITdescLd by Thomson e, a,., Proc. Natl. Aoad. Sci. USA 92:7844. 199ft and human embryonic germ 
hto ci descLd l„ Shambiot, et al.. Proc. Na, Acad. a,. USA 95:13726 1993 Other types of non- 
mlnant p ur,po,en, ce,ls ere ato Included In the term. Specific*, any cells o, prtmate ong n the are My 

^"capable - P"— » " *— - - 8 " — ^ ^ ~ 

lcardlessof»heme,the y w.rederivedfromembryoniotissue,fetaltissue,orothe,souroes. 

9 pPsll cu,,ures are said to be -assent* undaferentlete*- — ^ *■*» *• m ~* a 
Cearty distinguishes mam from differentiated cells o, embryo or adutt ongin. pPS cells typically have h, 3 
ITeaZpasmic ratios, prominent nuoieoli. and compact colony formation w,th poorty doable cei, 
T fand are easily recognized by those skilied in tha art. OConle, o. undBaren»a,ed ce,,s can be 
s„: L by nelghboing oells ,ha, are differentiated. Nevertheless, the essentially undrfferen.ated colony 
Xersis, In Ltured under approbate conditions, and und«eren«a,ed ceiis cons,n*e a P— 
proportion o, celis prolong upon passaging o, me cu,,ured ce»s. Cel, popula ons that corona rty 
, proportion o, undifferentiated pPS w»h mese crtterta can be used in ,h,s invention^,, " 
essentia,* undirferen^ed will typfcaily contain a, leas, abou, 20%, 40%, 60%, or 80% undflerennated pPS. In 
order of increasing preference. 

■Feeder cells" or feeders" are terms used to describe cells of one type that are co-cultured «* cells 
of a second We. to provide an environment in which ,he cells o, the second type can be mainiained, and 
5 pelps proliLe. The ,eede, ceiis are op„ona,,y „om a differen, species as me ce»s they are support,^ 

For elple, certain pPS oeiis can be supported by mo biyonic fibroblasts (from pnmary cu,«ure or a 

Lome Jd „ne) or human fibroblast, or mesenchyme, ce,,s (such as can be differenced and select 
from hES c„s,. Typicany (bu, no, necessarily,, feeder ce„s a. Inactivated by irradiation or treatment with an 
antl-mWic agent such as mitomycin C, to prevent them from outgrowing the cells they are supporting. 
,0 pPS cell portions are said to be "essentia,,, free" of feeder cells If me cells have been passaged to 

a new Cure environmen, wHhou, adding fresh teede, * « is receded the, I, a previous cuUure 
containing feeder ce„s is used as a source o, pPS for passaging, ,here will be some feeder * Is ma, sunave 
Te p Jge. For exampie, h E S ce,,s are onen cuftured ,n a 9.6 cm* we,, on a surtace of 
irradiated embiyonic fibroblasts near confluence. A, the time of the next passage, perhaps 150,000 feeder 



10 



20 



PCT7US01/13471 

WO 01/81549 

... ■ w „h «nll be split and passaged along with hES that have proliferated to a number of -1 to 
1.6 rrollion. Altera 1.6 sp . ^ fe , me - „, 

""" ^^environment- Is an en— .,n w«ch cells „m e re a - pro,« OT ,e ,n v,,ro. Fea, U res o, 
the en— — 

and CO* and a supporting structure (such as a substrate on a solid surface) II present, 
and . nut .J medium . ls . medlum „, oullu „„ 9 cans confining nubients M promote proUfe^on. 
The nutrient medium may contain any o. the Mowing In an appropnate combination: isotonic salme, buffer, 
amino aclds, antibiotics, serum or serum replacement, and exogenous* added factors 

A "conditioned medium' is prepared by M a first population of cells in a medrum, and ton 
harvesting the medium. The conditioned medium (along with anything secreted into the medrum by the cells) 
may then be used to support the growth of a second population of cells. 

The term "antibody as used in this disclosure refers to both polyclonal and monoclonal antibody. The 
ambl, o, the term deliberately encompasses no, onry Intac. immunoglobulin molecules, but ateo such 
fragments and derivatives o, Immunoglobulin molecules (such as single chain Fv constructs 
fusion construe*) as may be prepared by technics known In the art. and rete,n,ng a des,red antrbody 

""'""ed developmental lineage cells- are cells dehved from embryonic tissue, typfcally by 
differentiation of pPS cells. These cells are capable of proliferating and may be able to difference Into 
teren, cel, types, bu, the range 0, phenols o, the,, progeny is limited. Exampies ,nciua* 
hematopoetic cells. wh*h are plurlpoten. for blood cell types; neural precursors, which can generate gl,ai e* 
precursors that progress to oligodendrocytes; neuronal restrictive cells, which progress to vanous types o, 
neurons; and hepatocyte progenitors, which are pluhpoten. .0, hepa.ccy.es and sometimes other „ver cells, 
such as bile duct epithelium. 

^^Sefeiaboration of genera, technics usefu. in the practice of this invention, the practitioner 

) can refer to standard textbooks and reviews in ceil biology, tissue culture, and embryology. Included are 
Teratocarcinomas and embryonic stem cells: A practical approach (E.J. Robertson, ad.. IRL Press Ltd. 1987), 
Guide to Techniques in Mouse Development (PM. Wasserman e» al. eds., Academic Press 1993); Embryon,c 
Stem Cel, Differentiation in Vitro (M.V. Wiles, Meth. Enzymoi. 225:900. 1993); Properties and uses o 
Embryonic Stem Ceils: Prospects for Application to Human Biology and Gene Therapy (P.O. Rathjen et a... 

5 Reared Fertil Dev. 10:31 , 1998). General information and methodology relating to cells of hepatocyte lineage 
is found in Liver Stem Celts (S. Sell & Z. .lie, R.G. Landes Co., 1997). in Stem cell biology . . . (L.M. Reid. Curr. 
Opinion Cel. Bid. 2:121, 1990), and in Liver Stem Cells (J.W. Grisham. PP 232-282 in Stem Cells ^cadermc 
Press, 1997). Use of hepatocyte-.ike cetls in pharmaceutical research is described in in vitro Methods in 
Pharmaceutical Research (Academic Press, 1997). 

0 Methods in molecular genetics and genetic engineering are described in Molecular Cloning: A 

Laboratory Manual, 2nd Ed. (Sambrook et a... 1989); Oligonucleotide Synthesis (M.J. Gait, ed., 1984); *n/ma/ 

• Cell Culture (R.I. Freshney, ed., 1987); the series Methods in Enzymology (Academic Press, Inc.); Gene 
Transfer Vectors for Mammalian Cells (J.M. Miller & M.P. Calos, eds., 1987); Current Protocols in Molecular 
Biology and Snort Protocols in Molecular Biology, 3rd Edition (P.M. Ausubel et al., eds., 1987 & 1995); and 
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„. tDAMAfe ^//(RW Ue d., Academic Press 1995). Reagents, cloning vector, and kits for 
Recombinant DNA Metnoaovyy v nf%mmer clal vendors such as BioRad, 

genetic manipulation referred to in this disclosure are ava,iable from commercia. 
Stratagene, Invitrogen. ClonTech, and Sigma Chemical Co. 

General techniques used in raising, purifying and modrfytng antibodies, y 
, -.munoasX including ^histochemistry, the reader is referred to Mndbo* of Expend fa, 
of .mmunoassays mc g ^ /mmuno/ogy (j.e. Coligan et «!.. eds., 

VCH Veriags GmbH, 1993). 

'^H^SL^ and propaga,,ng pPS c,,s can have an, o, several difteren. formulas, as long a. 

c* obt' d have .he deslmd characteristics, and can be pn.page.ed further. Stable sources are as 
ir SnTn— Eagle* medium (DMEM), Gibco . ,,968-092; Knockout Dulbeoco'e mod».e 
" : s rlum «KO DMEM), Ql bco . ,082,0,8; ,00 mM L-g,u,amine. Glbco * 
amL acid soluiion, Gibco ,,,40*50; p-mercap.oem.no,. Sigma « M7522; human — a * ^ 

T, . „„ „„ ibFGFI Glboo # 13256-029. Exemplary serum-contaWng ES medium is made w«h 

r rir;: ~; .... ^ <-> - - — * « - 

sell ami 7a«ds, 1 mM and 0, mM p-mer=ap.oe.hanol. Serum-free ES ~s ™* 

11 KO DMEM, 20% serum replacemen,, 1% non-essentla, — — . 1 - 

f^.rc.p.oe.hanol. No. all serum replacement work, an effective serum rep.acemen, ,s Glbco . 1082M28. 
„,:n on serum ,ree mad, «n the propaga.cn o, plunpoten. stem J «— 
Pa.en. Publications WO 97/47734 (Pedersen. U. California) and WO 98/30679 (Pnce a. al. ure 
™lo* . The medium is altered and s,ored a, « .or no ionger man 2 weeks. Jus, be,o re use ta. 
«F is added ,0 a Una, concen.ra.ion o, 4 ng/mL (Bodnar e, a... Geron Corpora<ion, Internal, Paten, 

PUb ' iC ^P S ~CpU cuftured on a ,a y er o f feeder ce„s .a. support me pPS ce, te in vartous 

fTI" ells are .ypicalry ftbroblas. type oeiis, often derived ,rom embryon* or M «ssue. A *-J-*^ 
source o. feeder fibroblast is mouse embryo. The feeder oeiis are plated .= near convene.. Irradiated ,0 
prevent proliferalion, and used to support pPS cell cultures. 

|„ an illus.ra.ion of cuKuring pPS ce.,s on feeder layers, mouse embryon,c fibroblast (mEF) are 
obtelned from outored OF, mice (obtained from SASCO, 0, other suitable s*a,ns. The ataman of a mou e 
a, 13 days o, pregnancy Is scabbed wi.h 70% ethanoi, and .he decldua is removed ,n«o phosphate buflered 
saline (PBS). Embryos are harvested; placenfa, membranes, and son .issues are remove* and he carcasses 
1 U in PBS. They are .Hen .ransfened .o fresh ,0 cm cufture dish* • — ^ 

.rypsln/EDTA, and finely minced. After incubating 6 min a. 37-0, the trypsin ,s marketed -h 5 m L DME M 
containing l« feta, bo*, serum (PBS), and the mixture is transferred .o a 15 mL conrca I ,u ba and 
d,ssoc,a.ed. Debris Is aliovred to senle for 2 mln, me supematen. Is made up .o a ftna, volume of ,0 mU and 
p,L onto a 10 cm .issue cu,.ur. plate „ T75 fiasK. The flask is ,ncuba.ed und,s.urbed for 24 h, after whtch 
.he medium is replaced. When flasks are confluent (-1-2 d), .he cells are split 1 2 Into now flasks. 

Feeder cells are propagated in mEF medium, con,a,n,ng 90% DMEM (Gibco . ,1965-092). ,0% PBS 
(Hydone . 3007,-03). and 2 mM gamine. mEF are propagated In T,50 flasks (Coming . 430825), sp«,ng 
L cells V2 every Cher day Witt trypan, keeping the cells subconfluent. and opbonalr, frozen when 
necessary To prepare the feeder ce,l layer, cells are Irradiated a. a dose ,0 Inhibl. prollferaaon bu. pern* 
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replaced with fresh hES medium just before seeding pPS cells. 

JTa^h Sci USA 92-7844 1995). Human embryonic stem (hES) cells can be prepared from 

r^ri ~— — - * - ;rr r: 

embryos 1 be used or one cel, human emb^os can be expanded to ft. b.astocys, stoge (Bo^so ^a, 
T^LL 4- 706 1989) Briefly, human embryos are cultured to the blastocyst stag, .n G1.2 and G2.2 
Hum Rep™d 4. 706. B £* e^ocys^ tt,at develop are seleoted tor ES oeinsolaaon. 

, — ur g e W . in which blastocysts are exposed to a 1:50 dilution o. rabbl. antl-human spleen 

of Guinea pig complement (Glbco) for 3 minutes (see Sotte, et al„ Proc. Natl. Acad. So,. USA 
"Iler Ihes In DMEM, lysed trophectoderm oells are removed from the Intact ,nner cal, mass 

,o calcium and magneslum-tree phospha^unered saUne ,PBS, * , mM EOT* ^ 
trvosln or by mechanical dissociation with a microplpette; and then replated on mEF in fresh medum. 
Zc'iatod l^are replaied on embryonic fs.de, layers In fresh ES medium, and observed for colony 
— Coles demonstrating undifferentiated morphoiogy are MM selected by m^pipefte 
mZnioaliy dissociated Into clumps, and replated. ES*e morphology is characterized as compact colon.es 
with a high nucleus to cytoplasm ratio and prominent nucleoli. 

Human Embryonic Germ (hEG) cells can be prepared from primordial germ cells present n human 
fetal materia, taken about 8-11 weeks after the las. menstrua, period. Suftable preparation methods are 
, ilbe^in Shlb« e, a,.. Proc. N aU. Acad. Sci. USA 95:137*6, 1996 and international Patent ^plicaaon 

W0 ^i* genital ndges are nnsed with isotonic buffer, then placed Into 0,mL 0.05% 
sodium EDTA solution (BRL, and cu, in,o <1 mm' chunks. The «ssue is then pipetted through a ,00 „L ,pe 
„p to further disaggregate the cells. „ is incubated a, 37-C for approximately 5 mln, 
5 EG growth medium is added. EG grow* medium is DMEM, 4500 mgC D-giuccse 2200 mg/L mM so^um 
bicaLate: 15% ES qualified fetal ca,f serum ,BRU); 2 mM glutamine (BRL); 1 mM sodium pyruvate uW 
tOOO-2000 U/mL human recombinant leukemia inhibitory factor (LIF, Genzyme); 1-2 no/ml human recombman. 
basicfibroblastgrowthfactor(bFGF,Gen 2 yme);ahd10pMforsl<olin(in10%DMSO). 

Ninety-six well tissue culture plates are prepared in advance with a sub confluent layer of feeder cefe 
0 cuKured fo, 3 days in a modified EG growth medium free 0, LIF, bFGF or ForsKolln, then Irradiated w«h 5000 
red ylrradiation. Su»ab,e fevers are STO oe,,s (ATCC Accession No. CRL 1503). -0* mL of the pnrnary 
gerl cel, suspension Is added to each o, the prepared wells. The nr., passage is conducted afters days* 
EG growm medium, transferring each we,, to 1 well of a 24-well culture d» prevlousfy prepaid with mediated 
STO mouse fibroblasts. 
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UArtM PPS ce,,s have charadedsnc morphological features, with 
ZTent nucleoli and compact colony fonnatlon «lth poorly discemable cell luncfcons. It « des,rable 
r :rZlr »^ ^J^yowe-, which means •* - — - — — " Uma " 

„ h* , ^a«TssI-3 and SSEA-4 (Developmental Studies Hybridoma Ban,, National InsMute of 

^rr="- -~ -r - . 

marker is typicauy TRA .1-60, and TRA-1-81, and increased expression of 

by developing flxed cells * Vector Bed as a substrate (Vector Laboratodes, Budmgame OA), and 
detecting red fluorescence of the product using a rhcdamine filter system. 

Plunpotency of embryonic stem cells can be connrmed by NeCing appro.oma.ely 0.5-10 * 10 c* 

=:hdrr=:= 

by absorptive enterocytes and mucus-secreting goblet cells (for endoderm). 

routinely ^ rTeve* 1-2 weeks by bne, trypsinfcation, exposure to Dulbecco's PBS (wtthou, I calcium or 
Z^ZZ Id vl 2 mM EOTA), exposure to Dlspase or to Type IV Collagenase (1 mg/ml; Glbco) or by 
Te e ~ d,rua colonies by micropipet*. Clump sizes o, about SO to 100 eel, are optima 
ImaLC after incubation with the prctease, cultures can be scraped, dissociated Into small dusters, and 
re-seeded onto fresh feeder cells at a split ratio of 1:3 to 1:30. 

Embryonic germ cells can be cultured on feeder cells with daily replacement of growth modern unt» 
cells morphology consistent wtth EG cells are obsenred, typically, 7-30 days with 1 to 4 passages. The cells 
maintain their pluripotency through several months of culture. 

ntemauona, pint Application WO 99/20741 describes methods and matedals for growrng 
plunpoten, stem cells In the absence o, feeder cells, on an exbacelluiar math* w»h a human 
Sule are fibroblast mathces prepared from lysed fibroblasts o, elated mathx component from a number 
Lees. The nutnen, medium may contain sodium pyruvate, nucleosides, and one or more endogenous,, 
added growlh factors, such as bFQF, and may be conditioned by culturtng with fibroblasts. 

71 absent o, feeder cells, suitable substrates ,o, propagation of pPS include exuacellular r-. 
components, such as Matdge® (Bedon OlcKenson) o, lamlnin. Mahige.8 Is a soluble preparahono, 
exJcellular matrix from Engelbreth-Holm-Swam, - oeils tha, ge,s a, room temperature to *m a 
accrued basement membrane. To avoid the effect o, grow, factors present ,n the mem ran, s < u* » 
IGF-1 TGF and PDGF), Growth Factor Reduced Matriget® is available. The critical components o, the matnx 
can be idemmed by prepanng an erdficla, mixture o, al, the components and leaving out component seriaem 



30 



PCTAJS01/13471 

WO 01/81549 

• * « ecl Other mixtures of extracellular matrix components may also be suitable. Examples 
to determine the effect. Other m.xi combinations . 
.. fihronprtin nroteog yean, entactin. heparan suiiaie, ana iiib " 

„, . mediun. <ha< prorno.es ce,l su^val, propagaUon. and MM oHh > < ^ ^ ^ 

used - « h. two nmnanation of mouse stem cells involves 

ri^" is harvest aner , day a, 37-C. and .ypicaiiy aupp— * — ^h 
around the penpnej cultures typically reestablish a larger proportion of und.fferent.ated 

~:r~:r::: - p^. 0.,* ^ - - - . 

doubling time of no more than about 20-40 hours. 
Materials and p" «""*"^ fnr differenti ating nPS cells 

Tnt 11 9 ce„s have phenol charac,er.s.,c S o, ,he hepa,ocy,e lineage, as desohbed In ft. sedon «. 

1 '°"°™ S ' ,n certain embodimen,s o, the invention. dmeren,i»,on 0, ,he pPS Is ini.ia.ed by HMM^ 
bodies Genera, principles in coring embryold bodies are reported in ashea, Ana, Bee. (New Ana,J 
257 i ^99 PPS oells are cuitured in a manner .ha. pern* aggregates „ ,orm, .or *h>ch many opbons 
ZZZ 'l examp,.. by overgrown - a done, pPS oe,i or b, c^urtng pPS e* ,n cutae 
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, k • a .ubstrate with low adhesion properties, such as methy. celMose. Emb^oid bodies are 
vesseis havng a ^ ^ and „ be readily harvest ed and transferred to a new culture 
readily recognizable by those swiiea in , mesoderm and ectoderm 

environment. The embryoid bodies will typ.cally have an endoderm extenor, 

inter,0r ' As IHustrated in the example section below, embryoid bodies can also be made in suspension culture 

TT7 c 2 «i - — *— ^ be Mattk can ^° te produMI ! 

and gelatin. Other artificial matrix comp , ,i broblaas , endothelial cells, or mesenchymal 

J ^^^1^2 o, cells .1 the embryoid bodies ,s no, usually necessary; the embryo* 

~ rrz: - «. — . *. ^ ~ - *. *— ^ 

■ SSS^SH 

diSdOSU, the cells are manned In the environment confining a sultab* substrate and the hepatoma 
« 1 age „, ,„r a period of time sufficient to pern* enrichment of the differentiated cells from othe 
, Z - ZZT* ceterm ned empiric*. For example, the firs, day o, cunure wit a <*— >^ 
Th as nUn... leads to release o. about 90% c. cultured emb^old body derfved cells from the subs*, e 
Tth" Idl. These ce»s are then removed when the medium Is chanced affer 24 h. and the curving 
cells are cullured in fresh medium containing n-butyrate. 

After sufficient culture period, the remaining cells are considerably ennched for ^ having 
,0 characteristics o, hepatccy.es and/o, hepatocyle progenitor cells. For the bepatocyte drfferenteUon agen 
lutyrate. the euKure peHcd is typically abou, 4-8 days, oflen about 6 days. The reader * 
rdonged culture in ,h. presence o, seme o, the differentiation agents of Hi Invention may be 
Lmlng yield of hepatocyte lineage cells, Other differentiation agents such as n-bu^rate are tolera ed on 
Jo^g basis. Under these cfrcumstances, n can be advantageous to Keep the .gen. ,n the medium ,0 



— 13 — 



PCT/US01/13471 

WO 01/81549 

r:;:rd:=^^^ 

cells of this lineage for survival as the culture continues. 

STd^l- o, buty-ate. an, plracalan, ace tem ,da. ***"->. a cy* 

35 trichostafin A^5-azacytidine, bapo*nA, — M S-^, 

compounds w«h hhtt. daacatytasa Ml. can bo Mad by da-rep re ss,on o, hernia rscap,o, 

ere „ t|al|on acMy „ „ may rcly a, - in pan on an ab»y - 
bistens dlaiyiase. Assays ,o, bls.one daaceiyiase aCMty can ba used as = P— scraan 
candidates tor o»a, dfflaranSaton »gan.s. Many such assays a,. avaiiebia. For axampte, 
Z 3 «Tdl*as an assay using Mated N-des-nathoxyapicadin and a paras,te o, ch» .ivar S100 solubon 
- a 0* aca,y,.sa ™ — _d is addad ,o ,na raacaon and M m 
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r*» method Nare et al. (Anal. Biochem. 267:390, 1999) have developed a 
re ,ease is measured usmg a filter method. Nare • I ^ ^ 

scintillation proximity assay using a peptide from histon ' nroximal tritium. Histone 

„, bound to an SPA bead M -T^^^T,. 1« «* 

^.ase a«, tilths s-»o, Ho« m an a,, 

dacrsases "'J f ^ for hfe ,o„a daao.*asa ac«* A 

(Nu C. AcKs Ba. 27 ^ ^ 9 2^ d a mi noc= U n,a*ad.*a»,eo, fl -a^,ad lySl n.. TNs 

r::— , ,: — — «~ — — - * ,hrou9n ' >u, 

^"'Tl^r.'^r^a.on agan. * fc *m . «~ n pPS oa„ ^ » 

A definitive test ror a suudu riisclosure Candidate compounds, 

optional prasoreanad ac=o,d.ng to on. or mo- o< ft. ^ ^ „ 

or „bod i aa l na m annar-ar,o : *a, i a "^-^^^V-**-**"* 

ovargrovrth of a pPS ou»ura, ,n .ha — ^ 1 or otnGr feaWres o. .marea. in 

m o*ho.og,. — oxP-sion. "^^^Jl, ^—ona 0, fta ..a, compound 

re | a »on.ooa» S oflh.hapa.ocy.a»n.aga. For oplrmum ^J""" „ utyrate 

• mmmwm 

.igand-rac^r compos, and - „ k e, « ara capa« o, promoflng fta g,^ - — « ^ 
,lge. Sue* .actors inCuda M ara no, MM . apidarma, g,o«h .ac.br <EGF>, ,nsu»n, TGF-a TGF p. 
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.-k /ugr oncostatin M in the presence of 

.broblas. grovrfh factor (FGF). heparin, hepatocyte grow* factor (HGF,, One 

dexamethazone. IL-1, H--6, IGF-,, IGF-II. HBSF " Y™ 1 9lU 7°°_ ttrokjs partfcuteIiy gtucocorticolds. Such 
Another ciass o. hepatocyto ma.ura.ior, factors are ^^"^ .specially promotion o. 
pounds are a steroid or steroid mime.,, and affec* ,n,erme*a* meKb ^ P yP 
nepauc glycogen deposition, and lnh,«ng J^ZZe (U.S. Paten, Nc. 3.007,923) 

similar prcpadiea Include bu, are no, iimrted to proc^y of Increaang 

other polymethylene ■ — * — " 

membrane permeability of cells. Also of .merest arc so, ^ ^ 

^^c^^^^'^ M ^'^y^X^L lineage using a hepatocyie 
empincally: pPS cuUures are differentiated rnto ce Is of *. hep tocyto ^ 9 9 
dB feren M on agen, desedbed above, in combination - ~ « . ^ pmoco , using tne 

growth factor or DMSO (the posfcve control), in parallel. pPS a. I ^ 
Le differentiation agen, and the candidate maturahon ,a« ~ J, he pM „ lve OTlrol . 
phenotypically to de,erm.ne whether ,he candldato agem has asW '^ITon agen, and ft. hepatocyto 
,n padlcufar embodiment c. mis Invention, I. p ? a , G „ embrycid bodies o, 

maturaaon factor are used simultaneously or seouenMly In one ^ ^ ^ for 4 , 6 , 

feeder-free pPS cultures are placed In a medium containrngbtf ^ y (say every 24 h, v* fresh 
or 8 days, c, un,i, charactenstic features appear, replacmg the m-**(Mr. * 

n-butyrate and ntovvirf factors (perhaps in combination with n-butyra,e) for long-term culture or assay. 

nepatooyte maturation factors Ipound ,h a ccHur. o, ceils being 

differentiation agen, ,n the presence o, the compound, or ,n=iu g morp „o,ogy. marker 

treated wlth a hepatocyto differentiation facto, T a elect « m»P ^ 

can be halted simply by reteaslng ,e cells .rem . ^ "cl can be fudher 
,abeled sorting techniques, or adsorption to a solid surface. Negrtve select™ 
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lnoubatmg .0 popu,*on « . ««» an B Pody — * - — - °' 

MmP 'Tdesl-ed halted ce«s can be .ranged u. char cuUure an*—, such as 

„« , imte d lo *e dataCon . suan^on o, exp.ssad makers, and anzyma* ac«*, and ft. 

-============rr== 

reticuium for synthesis of secreted protem, the presence of Qolg.enap 

l.neage. Unb.ased determine o adult or {etaI hepatocytes, and one or more 

atnd-d .as^on, and .a coda ,o » *. —ad pPS - a. 

r£E-rrzr:=.-r.=::=r 



1997). 



TABLE 1: Liver Cell Markers 





early 
progenitors 


hepato- 
cytes 


biliary 
epithelium 




early 
progenitors 


hepato- 
cytes 


biliary 
epithelium 










OC.1 








albumin 


+ 


+ 


















OC.2 


+ 




+ 


ai-antitrypsin 


+ 


+ 














fetal & 




OC.3 


+ 




+ 


oc-fetoprotein 


+ 


postnatal 










CEA 






+ (?) 


BD.1 


+ 




+ 


Y-glutamyl 


+ 


fetal 


+ 


A6 


+ 






tranpeptidase 
















GST-P 


+ 


fetal 


+ 


HBD.1 


+ 


+ 


+ 


glucose-6- 


+ 


+ 




H.2 




+ 




phosphatase 
























H.4 




+ 




catalase 




+ 
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TABLE 1: Liver Cell Markers 





early 
progenitors 


hepato- 
cytes 


_epi_e 




early 
progenitors 


hepato- 
cytes 


biliary 
epithelium 


M2-PK 


+ 


fetal 


+ 


H-4 


? 


+ 


_ 


L-PK 




+ 


fetal 


H-6 


- 


+ 




p450 mono- 


+ 


+ 




HESe 




+ 


- 


oxygenase 
















P- 


? 


canaliculi 




RL16/79 




hiatal 

pos 


_ 


glycoprotein 












+ 




CK7 






+ 


RL23/36 


- 






CK8 


+ 


+ 


+ 


BPC5 
















Vimentin 






fetal 


CK14 


+ 


- 










CK18 






+ 


HepParl 


+ 


+ 












Cell-CAM 


+ 


+ 




CK19 


-(+) 


- 


+ 


105 








CKX 






+ 


DPP IV 


+ 


canaliculi 


+ 










lectin binding 


+ 




+ 


BDS 7 


+ 




+ 


sites 
















blood group 


+ 




+ 


OV1 


+ 




+ 


antigens 








OV6 






+ 











lt nas been reported that hepatocyte differentiation requires the transcription factor HNF-4a <U et a , Genes 
Dev . 14 -464 2000). Markers independent of HNF-4a expression include «1 -antitrypsin, a-feto P roteln, apoE, 
^ucokinase, insu.ln growth factors 1 and 2, 1GF-1 receptor, Insu.in receptor, and .eptin. Markers 
HNF-4a expression inciude albumin, apoAl. apoAU, apoB, apod.., apoC. ^^n» 
hydroxylase, L-ty P e fatty acid binding protein, transferrin, retino. binding protein, and erythropoietm (EPO). 
Other markers of interest include those exemplified in Examples 1,2, and 6, below. 

Assessment of the level of expression of such markers can be determined ,n companson wth othe 
ce „ s Positive controls for the markers of mature hepatoses inc.ude adult hepatocytes of the spaces of 
interest, and established hepatocyte cell lines, such as the HepG2 line derived from a 
reported in U.S. Patent 5,290,684. The reader is cautioned that permanent cell l.nes such as HepG2 may be 
metabolicaily altered, and fail to express certain characteristics of primary hepatocytes such as cytochrorne 
P450 Cuitures of primary hepatocytes may also show decreased expression of some markers after prolonged 
re Negative contl include cells of a separate lineage, such as an adult fbrobiast cel, Hne, or re«na, 
pigment epitheHa. (HPE) ceils. Undifferentiated pPS ce.ls are positive for some of the markers listed above, 
but negative for markers of mature hepatocytes, as illustrated in the examples below. 

Tissue-specific protein and oligosaccharide determinants listed in this disclosure can be detected 
using any suitable immunological technique- such as flow immunocytochemistry for cell-surface markers, 
immunohistochemist.v (for example, of fixed cells or tissue sections) for intracellular or cell-surface markers, 
Western blot analysis of cellular extracts, and enzyme-linked immunoassay, for cellular extracts or products 
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r> Q nRank fURL www.ncbi.n m.nih.gov.8U/enxrez;. "F ICMIU ' 
databases such as described in this disclosure if the performance of the assay on 
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Mos t ot the biotransfomMng ability is attributable by the cytochramas des.gm.led 1A2, 2A6, 2B6, ^J^ 3 ' 
aoHld aEI (G o m es-Lechone,al..PP ^^^in.ny.^a.bodsinPha^acau.^Basearcb, Academe 

alty assayed for if the ieve. of activity in a test cel. is more than 2-fold, and preferably more than 10- or 
100-fold above that of a control cell, such as a fibroblast. 

The expression of cytochrome P 450 can also be measured at the orote.n .eve., 
specific antibody in Western blots, or at the mRNA level, using specific probes and pnmers ,n Northern blots o 
rTpCR See Boriakog.u et a.., .nt. J. Biochem. 25:1659, 1993. Particu.ar activities of the P 450 system can 
^uZ^tL**™* 0-de-ethy.ase activity, a,oxyresorufin C-de-a.Ky.ase activity coumann 
fhvdroZe activity, p-nitrophenol hydrolase activity. testosterone hydrogen, 
7 £££«nLl ^ *™ S,ransferase activity, and othe, (reviewed h = 
et al p P 411-431 in -In vitro Methods in Pharmaceutic^ Research." Academic Press, 1997). The act.vity level 
can then be compared with the level in primary hepatocytes, as shown in Table 2. 
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TABLE 2: Drug 



Metabolizing Activities in 24-H Primary Cultured Human Hepatocytes 



r 



P450t 

NADPH-Cc$ Cytochrome c oxidation 
CYP1 A1/2d§ Aryl hydrocarbon hydroxylation 

7-Ethoxyresorufin O-de-ethylation 
Coumarin 7-hydroxylation 
7-Pentoxyresorufm O-depentylation 
7-Benzoxyresorufin Odebenzylation 
4'-Diclofenac hydroxylation 
p-Nitrophenol hydroxylation 
Chlorzoxazone 6-hydroxylation 
Testosterone 6p-hydroxylation 
Testosterone 2pMiydroxylation 
Testosterone 1 5p-hydroxylation 



CYP2A6§ 
CYP2B6§ 

CYP2C9§ 
CYP2E1§ 

CYP3A3-5§ 



65 ±8 
23±2 
2.93 ± 0.99 
3.09 ± 2.52 
137 ±42 
3.28 ±1.76 
1.38 ±0.33 
317 ±73 
89 ±42 
27 ±3 
195 ±122 
61 ±16 
12.4 ±8.6 



" mEH§ 
UDPG-t* 
GSH-t* 



Benzo(a)pyrene 7,8-oxide hydration 180 ± 72 

4-Methylumbelliferone conjugation 3.6 ± 0.4 

1 -Chioro-2,4-dinitrobenzene conjugation 301 ± 1 1 2 



(n=10) 

(n=10) 

(n=7) 

(n-14) 

(n=6) 

(n=10) 

(n=5) 

(n=9) 

(n=6) 

(n=3) 

(n=7) 

(n=7) 

(n=7) 

(n=10) 
(n=5) 
(n=8) 



" . Mean ± s.d. enzymatic activity determined in 24-h cuttured human hepatocytes. 
+ Cytochrome^ content is expressed asp.como.es per 

± NADPH-C UDPG-t and GSH-t activities are expressed as nancmo.es per mi.hgram per 
§ GYP enzymatic activities are expressed as picomo.es per mlHigram per m,nute. 



technic) to determine »he.he, conjugation product nes been .= ™<L °°»£Z* g 9 , ucurooonjug .„ 0 „. 
inciude de-etrvyiation. hydroxy ^ *2zo 9 pp ^ ,„ -,„ 

sulta con lUg a«on, ^ con^on. end ^ de-e^on. 
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„«t«tiv ft pas assay of carbohydrate compounds ana 



detergents. 



histochemical nlvcoaen storage is determined if the cells are PAS- 

positive at a level that » at least z ton, a u according to standard methods. 

fl brob,ast ^^^T^TT^ZZ^ -ve . number o, the *— 
pPS ce» 8 differentiated accord,ng .o th. or ^ umin . ^ „, anflbody. 

.eanrres. MUM -"-^^^^Sll - — * **» »~ 

detectoble expression of a-fetopro.™ RT-PCR ™<^*™ ^ „ glo00s ^ 

*. ASSR-1 or ASGR-2 Isotype^dence - """T^Jt^** The more o, these feature, 
phosp^se sctr* and morphea ^ . ol lh . hepatocyte »ne= 9 e. 0* 

ma, are present ,n a pa*u,a, ce». the .ore „ .an ^ ^ „ . panicular 

having a, teas, 2, 3. 5. 7. or 9 of these features are ™^J^ P administration. unrfomtKy behveen 
M ,| population as may be present in a — P*— >" — - 

preferred. ,. invention are an ability to act as target cells in 

and therapeutic applications. The cells o, ^^J^I^^--"-* 

..or, homologous re—o, or other — ^ ^al^erase (hTERU 
oat^lc component (TERT,. Parbcua, — ^ ^ Rations, speoies homologs ft. 
5 provtded in internationa, Patent Application WO expression o, telomerase in human cetts ,s 

mouse TERT (WO 99/27113) can also be used. Transfec a «P ^ 
described In Bodna, e. a... Science 279:349. 1998 and J.ang . *» ^ 

exampie. hTERT clones ,WO 93,14592, are used . ,, .source ohTERT — ^ ^ _^ 

an ECOR, * of = PBB5212 vector under con ,o o <^™>™««' „ undltf erer»ia,ed pPS 

,0 arable pBABE retires vector, under contro. of the ^™ P™«- and Ranged 

cells are genefc* ...ered us,n g vector ccn.a,n,n g ' «■ J „, 

« g ,o* medium tor 1, days. ^^^^^l^n ^ ^ a ssay), 
rr^^^^-^ — replicating Conies - be 
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can optionally M oloned by I** differentiated Into cells bearing charactenstlcs 

,„ certain embodiments ot Ihis Invent™ pre ce °" ^ ,„ otner 

ot *e hepatocy* lineage, and Ihen me dl— ^ ^ a „dLn d-d into 
embedments o. .his invent, pPS cel. are „ inorea8e teht expression 

rSnir^S.- - repliCve eapaCy 0, the cells has 

encoding the SV40 large T anfgen (U.S. ^ ce|!s are t0 be US ed for 

— "» - aprons . this invention where . is 

therapeutic purposes. Telomenzed cells are ^o p _ for examp ie, in pharmaceutical 



augment liver function. 



i i oc nf differentiated cells , r , limhprs 0 f cells of the hepatocyte lineage can be 

commercial purposes. 

Preparation* expression libraries and specie a cDNA library relatively 
« cONA .rem any or al, o, the tollo-g ^TJ^Ti ol JLed specif, hereby 

~rd=,^ 

and hepatocyle cultures made Iron, ,,ver <«"»J^ ^ „, monodolMl arrUbodles 1. 

vertebrate *«h cells o, this lnven,,on ,n an rrnmunogenc ^ ^ ^ 

, «a, particles *h the targe, antigen, and »°^^^ZZo 92*1047. WO 90*2609. and 
, „e* 335,30, 1996. 1— a, using P PS o, «. — . - 

McGuiness el al., Nature aotecnnol. 14.1449. 1996. By pos » differentiated embryonic 

negatrvely s..ec»ng using cells bearing more broadly ^^^^1 ln tu m can be used 
cells) or adultderived stem cells, the desired specificity can be obtained. The antibod.es 



WO 01/81549 
mature hepatocytes or cells of other lineages. 

Genomics agression patterns of transcripts and newly 

Dialed pPS cefls are of Merest to dent»y *vm » P ^ ^ 

e^es*ed proteins fha. are -"^"^r^Tpi-- - - — — ** 

are mm. and compared v* contro. cell Unas .such £ "JTV L, atop c,e«c stem cells, precursor 
precursor cells (such as pPS ce«s dKferen^* *-* £££ or bile due, ep«,um. hepatooyte 

~z=o:rLpa ? 

lmr „ un ohis,ochem,s«v<eonr,lc, U esdeso nl .e .a ri e, e . al.. Cancer Res. 62:6966, 1992). 

and ma* array expression systems (Schena - 

303=179. 1999; Brown el ai., Nat. Genet. 21 Suppl 1.33. 19991 ^ 
The use o, microarray ,n analyzing gene «— ^ 8 ^ y; „ MtaDarray ana , ysl8 , Gwynne 

, ^y .«* t— *-r. .rri^i;. ^ «*« - * 

& Page. ^™^T^l™—r, L Shi, ^Gene-Chlps.^ Sterna and 

Alt ° CA) " rfa ,t„r P ri bv attaching the probe at specific sites either by synthesizing 

Solid-phase arrays are manufactured by attaching P ^ ^ ^ ^ ^ 

the probe at the desired position, or by presynthestzmg the probe ^ 

metals, gels, 

support. A variety o, solid supports can be used". ' m . math odo,on- 

chip synthesis. In which a glass si.de . . mask , ta reacted with a 

protect group. Each site is sequentially *•»•"•<» "tttreohing a pressed probe onto a soiid 
DNA monomer containing a phofoprote*e group^ g a p yn ^ ^ 

"^probing assay *~^^ZZ»ZZZ2ZXZ 

nucleoilde sequences of inters, under suitabie pre enc. of nucleotides a«ached to a 

40 formed. Forexample, mRNA or DNAI. » ^--^^^ 

suitable label, such as the fluorescent labels Cy3 or CyS. c ° nd »'° 1 aDpropn ate. The array rs then 

„,lh precise complementary mashes or w«h vartous degrees - ""^ ^ ^ 

washed, and bound nucleic acld Is determined by me^^ n 
,he solid phase. Different samples can be compared between arrays tor rela 
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W ° 01/81549 fl ,„ mos. cells interes., such as a ribosomal o. housekeeping 

penally etendardaed using genes e,<pm.sed mos. c* - - ™» 

SenePlx- scanner. ^arrays are prepa. * * J * dire0 „ y onto glas s s |,des a, a 

W ,wo cells =. one 

dans,* as high as >S,000 per — I- conned in.0 CyMabeled cDNA. T»« 

pr.para.lon is convsrled n> Cy3-labeled cDNA, «rh« ,„ e , iml „ ate non . 

, cDNA prepares are hybrid simuiteneou* produota ,„ proportl „„ ,o abundance 

specie binding. Any given spot on .he array - sca „ ned at ^^s appropriate 

oL. odginai mHNA prepay ~ „. ^ are r^hed .0 give an 

h of the labels the resulting fluorescence is quammea, 

Idling expression products or ». - ^ g , ne produd ln . „rs, cei, W e, 

lm8 „«on invoives anaiyzing N '^^age, a nary*g me expression ievai o. .ha same 

Meres, based on .he comparative |eva , „ „ .east about 2-fold. 10-fold, or 

Prcduos - tnvention, in comparison me conbcl. 

,00-ioid eleva.ed (or suppressed) In debated pPS ^ ^ ^ ^ ^ ^ „ 

Thls anaiysis can op.,ona„y b. „ ,„ aocortanoe * *. egression 
26 independent axis, herein ^ P-«- °« ^ ™™ '° ol wsres , based on ft. poshion o. me mar,, 

level ,n me respec«ve oeti, and » «**». • P™ ° oe „ oan be repres e„,ed oh a 

Mema,,ve„. M difference in expression be»een I, ^ ^ 

specum (.or example, »here ^ 0 , ^ can men be selected based 

plurality of markers. 

Differentiated pPS cells for drug screening as so)ventei smal , 

0»— PP»--*^- ta jl"JZl- — s (such as cuKure 
35 molecule drugs, peptides, po.ynucleo.ides and . *°> tooyle lineag e. 

condi.ionsorrnanipula.ion, — n,,a,ed> are used .o scr^n facter* ma, 

l„ some applicatons. pPS cells (dtfferen prolll a ra «on and maintenance of such 

promote ma.ura.ion o, cells along .he hepatecyte lineage. |a(Jt0I8 „ teste d 

Ills in long-term cu,,re. Fc, example, candid,. ^te.lX a ^no^ic change ft. 
40 by adding mem ,o pPS ceils in dltferen, wells, and 

:rrrr;r — p PS - — 
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assays. . have bean p f ^"^^ compounds general* evolves combining the 

««. Assessment o. the ad* 0, ""~^^ nd . de ,erm,nlng any change in .he morphology. 

d*-« — anributable to the compound (compel * 

ma*e, Phenotype. or metabolic acbv,ty °' ^°**^ n eonelating the e«ect o, me compound v* 

unt rea,ed cells or ceiis treated *h =n — "T^^ ^ e the Mmp o„nd is designed to beve a 

the obse^ed change. The seining may »«£*£ d ^ mi lo te ve effects else*ere may have 

pharmacological effect cn Mr cells, c, >~^ZZL* * — **» » mbW " 9 ~* *" °* 
landed hep* side a fl eo te .T«ocrmo^^^ 

enbersimut— o,se Q uen^ 

,n some applications, compounds are scree ' ^ 1W7) . r^ay can be 

»410 in * *» "** rTir*l"su*a.,mo^o,ogy.andieai<ageo,en 2 vmes^ 

d e,erm,ned in the firs, instance by .he elect £ mlne „ hem er compounds aitec. oei, tunouon 

^lurreme*,, Uorede.ai led analysrs,. stasis) -tout causing t~» 

(such as giuccneogenesls. uracgenesis. and ^^.^^^^.^^^mrn, 

^^^^^^^^^^^^^^ 
SU ch as mUoehondha, glutamate oxatoacete* — n» J ^ g ^, gen , 

us ad. Gomez-Lechon ,t ai. (Anal. Bmehem 236 *9M W s , uc „„eogenes,s. 

„ vmlchcanbeappliedtomeasuretheet^ 

Other current methods to evaluate heDatoto»c»y,nc u[eagen8Ste; 

of alb umi, cholesterol, -d lipoproteins; "^ZZZZ^***-*-™""-** 

metaboiism; intraceilula, K* and Ca oonde „s,tion o. chroma«„. and 

!5 0 ,,gonuc,eosomes; and induction o. TTJ^ *rVHW-*. or BrdU incorporation. Effechrofa 
nuciear fragmentation). DNA synthesrs ^ „„ DNAs y„,hes,s o, repair, ^-thymidine o, 
dtu g on DNA synthesis o, structure can be deterged measu , ^ ^ ^ for ^ 

BrdU incorporation, especially a. unscheduled mes „ h cell cy, ^ ^ ^ ^ 
re p„ca,io„, ,s consistent - a drug ^^ZZZ^^***™** 
30 cnromaSd exchange, determined by me^p ase 97) for , urther ete bora,ion. 

„«,„ Methods in Pharmaceutical Research, Academrc Press, 

Restoration of fiver function Herniated dps cells to restore a degree ot liver (unction 

Th ,s invention also provides .or the use o. , mpalim an. o. liver .unction. 

3S ,oasub,ec.need,n g such,herapy,pemapsd U e,oanac^^^^^^^ 

To determine the suitability o, tM , lit, .o su^ve and maintain 

08 .aeted ,n a suitable animal model. «. ^ * Immunodenoien. a„,ma,s,suob as SOID 
thelr phenotype In vivo. Differenced pPS ceils are admrnrs ^ ^ 

mlc e. or animals rendered Immunod eficie n, c emrca^ by ^' ^ ^ 
40 observation, such as under .he Wney capsule. H. t. ^ ^ „ „ pres9m . 

^•rrrr™^^ 
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calls . be * r =r mi:, ^ 

e, al . (Naurs Mad. 6327, 2000). ^ , 0 , lve , action in an 

At another level, differenhated pPS =e Is are ,„ r educed liver 

dfceaee In mice ^sgenic * •» ^^^.1. mod* .0, »ve. disease by expression 0. 
Ueber e« al. (Proo. m. Acad. So, US ««* 1 ^ ^ „ y anllbody , 0 „ ceii- 

uroW „ase. Mgnon e. ai. (Nature Med. 4.1185 1998) ouU _ ^ ^ 

sufte ce marKe, Fa, Ovenur. e, al. (Human *- ^ *^ ' Tne anlmal8 ca „ be rescued trom the 
Ty( . 8 ,nemia Type I in miee by ^ ™ ^ ^en^lM ,3-oyd.Kexanedione (NTBC), bu, 
detoncy by providing a supply o. ^ *^ ca „ „ mod9le d by 90% hepateotomy 

develop liver disease when NTBC » ""7*^'^ ^ al80 be modeled by treating animate v* 

modeted by treating animals »th a sub-lethal do a P ^ ^ lnvolves 

a,., Soienc. 287:1253, 2000). Assessmg the ab,„* £™™ ov e, a 1 «. 8 week pedod o, more, while 
admlnistenng ma oelis to euoh animals, and then dete^™^, 0 ^ ^ by 

monitor the anlmais tor progress 0, the ^a« — indicators, auch as alkaline 

Cediveness o, the therapy, and can lead to M- ^°" c „, pa „ 0 , a bloa *cia, tlver device. 

m,s invention includes «eren«a,ed ce^ls J^STw^ and ^rapeu^. Kuhtreiber 

,„ soon methods (or use either In vnro or in *»• , ^ |(npaiIe d »ver lunotion - 

Bioanlflolal organs tor cilnlca, use » des gn* to upp ^ ^ ^ 

elthe, as a pan ot long-term therapy, or to b ^ „ a,., pp. 252-286 o( 

^onsti^cn or iive, transplant. BioartiUcal liver „ u . s . Palenl Nos . 5,290,684. 
«E»— b,oa«,a, Irvers comprise oeiis 

5,524,840, 5,837,234. . 5.853,717, and 5.935349 . P ^ to beads 

40 — ^osa^^^^ 

viral transmission. 
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mum nre D arative cultures of human cells. 
The present invention proves a system .or earlier, and than I— 

Oiffereroiaied plunpoten. stem -» - The e«icacy o< ft. devfce 

„ ,he device on a suitable —»* «*- ■ ^ ^sron, channel .« the. in me eneren, 
ca „ be assessed by compadng ft. compos*- and ne„ry synced proteins in the 
channel - In terms ol metabolites removed from the afferent 

--*^-^r^T^~IU -abolite, o, o^er 
» ML The mam oation - involve : removin , , anenng Such rompou „ds Include but 

ccmpound (efiher nature, and synihetic) ft- - «"* ^"^J^^es, trenstemn, hemopextn. 
are „o, limned to bilirubin, bile acids, urea, heme UpoP^ y ^ ^ ^ 

as,e,og,ycopro,elns. hormones^ 

and unioaded canter proteins. Thedevfcecanbeo ^ ^ ^ ^ ^ 

.hereby restoring, as many hepatic functions as a, needed^ relum ed to the patient, 
processes blood desirable funcUone, charec.enst.es In 

Differentiated pPS ceils of this .nventon mat ^wation to human 

animal models (such as those desenbed above) ^ any 

subieots «. impaired liver function. Fc, ^^^'^^'^ornlna. oavny. for some metabolic and 
« has adeouate access to the « » - -» -* "* 

detoxification functions, it is advantageous » <fc>M . ) „ me 8ptee „ (e.g.. in me 

cells are administer* near the «ver <e.o.. ,n the treabnen. teta red into the hepatic circulation either 

, r .aimen, of fulminant hepatic failure), in one msftod^e * ^ A catheter in 

me porta, vein can be mandated so that tt» ce»s .1 P ^ ^ ^ ^ ^ me 

, hepatic function restored o, supplemented. Human ond^s ^g^Z**.***.**" 
i„c,ude fulmlnan, hepatic .allure due ,0 any cause v,,^ hep^d g 

hepa«io infancy (such ae Wilson's disease, Oilbert s ^ - - = J ^ „, 

carcinoma, autoimmune ,r,er disease (such as ^ ^ ^ , he ^ „ gener ^ 

any other condition that results in ,mpa,red hepa.,c function. ^ ' io 10 cells, making adiustments 

B between about to- and »« cells, and 5 x£-d ^ q( ^ 

^r^ir^rr---— ------- 

lies with the managing clinician. 

Th9 fcowing examples provided as further non-llmiUng Illustrations 
40 0 f particular embodiments of the Invention. 
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FXAMPLES 



MeMemnce ollmm.n emtxyoOc stem cells: ^ semm ., ree medla . me hE s 

hE S cells were ma.nta.ned on pnm al ebou. 40,000 cells -C. 
M „ s were seeded as smal, dusters on ^ md 20% Sentm 

Placemen, (Glbco), suppled * n by ^ pas9aglng 0l «. E s 

mercaptoethano, and 4 ng/mL human bFGF ^ , mg/mU collagenase 

5 .20 mmd.es a. 37-C. The cultures were the 9« pe 
dissociated, and replated as small dusters onto t,esh feeder cells. 

Production otEmbryold Bodies (SB): harvested by incubating In 

Consent monger cu*ures - ; hES u* .« « o fee*, ^ ^ ^ 

coLagenase .or 1S-20 m,„. .Cowing ^ ,es (Co S ,ar, in a med. U m composed 0, 80% 

dissociated Into dusters and plated X non- adherent cell culUHe^) ^ , % n0MSsential amin0 

, KO DMEWl (Gfcco, and 20% '»»~~ K ^£ZL ^ - • « 2 mL 

adds, , mM giutamine. 0.1 n*. - 2 mL o, medium per w* When the 

Mat^orgrowthtador reduced MaW 

wa sd,,u,ed.:10or,*0inco,dKOD«^0, ^ ^ a ° dedM eaoh (9 .acm',. The p,at. was 

■ rrr rt^rr r."r: — - - — - - - • ~ 



before adding cells. 



Immunocytochemistry: naraformaldehyde for 5 min at room temperature, 

and then for 20 minutes in methanol al 20 u ln 10% goa , serurn and 

hou,.n ,0%goatserum,n PBS. They JL^ ^B«*-.*«J 

PBS .0, 2 h. Antibody to albumin, alpha ,eU,pro.e,n (AFP) * ™> ^ « ^ and SMA (Sigma, 

„ diluted a, V.500. cy,o k erat.n. 8. 18 and ,9 *««. ^^^^ ^^.^ 
„» diluted a, 1:200. Oeils were then washed 3 times «* a) at 1:100 0 in 5% goat 

„as F ,TC.ccn lu9 ».ed anti-mouse igG ££££ ,il L PBS. and mounted in 

serum in PBS, and Incubated to, , h. The s.e,ne > =a s w - «» ^ 
VeCashield" (Vector Labs). Images were taken a. 10X and 40X 
epilluoresoenca and a spol CCD camera. 
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Glycogen staining: American Master Tech Scientific Inc. Cells were 

P^^^^^-^rJ^B,* TneflxedceHswereHnsedln 
gro wn on chamber slides and fixed m a=etone:memanolt. a ^ ^ ^ 4 ^ „ 

r~=r^=£= — 

BrdU staining: „_ . ^^. raM . medium, and labeled wtthlOaMBrdU tor 

Cells were grown on chamber slides ,n ft. ,^ed ^ me • m , he dafl< . 

T^xed cane were rinsed onoe in PBS^and denatured * 1jm goat ^m (Vector Labs) ,or 1. 

PBS P H 8.5 and PH7.4 several times. ™* « 8ra * " *" ^ " ^ goat „„„,„, and 0.05% Tween- 20 

m ,„. Id inched *-« h ^ ( ^trJ^i^^-r- 

lor 2 h. The samples were washed thnce ,„ ^ ^ ,„ 1.5% horse serum tor 30 

mm. The sample was washed aganthnce » » HEPES buffer and 0.15MNaCI pH 8.5, for 20 

, l^-»«^<^^ - "^rt^ *». Oa, No. B2883) was mixed into the 
ml „ ,„ th e da*. Hoechs. HC33258 sta,n (b, enam, • ^ ^ ^ washed again 

Labophot*"' equipped with epltluorescence and a spot CCD camera. 

Rev.erae-transcnpt.se TOR amplification: , evB| „ as ^ductad as follows: RNA was 

FVT-PCR analysis of expression al the '^ p,, °" '^"^ |nstnl0ti0ns . The final product 
extracted from the ceils using RNAeasy K»™ (OiagerO - "^he RNA was incubated in RNA 
was then digested with DNase to go, * * ™^ 'J™™, ^ 10 mM Trie pH 7.5, ,0 mM 
30 guard (Pharmacia Upiohn) and DNA« , . UP »W ^ ^ ^ 

M9 CI, and 5 mM DDT at 37»C for 30-45 m.nute. ™ ™™ J a „ d 100% Mld elh a„ol. The 

extract was performed and the RNA ^'^^ ^suspended in DEPC-treated water. For 
RNA was washed with 70% ^^^J pm ^ oomBln ed win, a final concantrntloh of 1X 
me reverse transcdptese (RT) reaCon. 500 ng o total RNA ^ ^ p^ wa3 

35 m Strand Bu«er (Glbco), 20mM DDT and 25 ^^^^J,. „ mln . dNTPs were added a. a 
denatured for ,0 min a, 70-C, followed by anne Ung a, „ „ 42S0 for 50 „,, nuM s. 

r ,„a, concentration o, , mM e.ong « 0.5 „L - ^ sen ^ _ 2(vl0 „„ they _ pro cessed ,0, 

an d,henhea..lna*a.edat8«.or,0m,n. Sarnies «wr Ihen^ s ^ ^ 

PCR analys*. Standard polymerase cha,„ ^^'J, ^ xPORbuflet(GM 2.5„L. tOxMgC, 
Selected markers and reaction conditions are shown in Tab.e 3. 
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TABLE 3: Reaction Conditions for Expression Analysis by RT-PCR 



Expected McCb Annealing PC R Cycle 




(94'C 30 sec; 59"C 30 sec; 72°C 30sec) x 30 

(94-C 30 sec; 57°C 30 sec; 72°C 30 sec) x 35 

(94-C 30 sec; 57-C 30 sec; 72»C 30 sec) x 35 

(94 °C 3min) x1; <94*C 30 sec; 62°C 30 sec; 

72° C 30 sec) X 35; (72°C 10 mm) X 1 

(94'C 3min) x1; (94°C 30 sec; 62'C 30 sec; 

72'C 30 aeo) x 35; (72°C 10 min) x 1 

(94-C 3min) x1; (94°C 30 sec; 61'C 30 sec; 

7?C 30 sec) x 35; (72°C 10 mm) x 1 

(94 *C 3min) xl: (94"C ; 30 sec; 60°C 30 sec; 

72°C 30 sec) x 35; (72"C 10 mm) x 1 

(94°C 30 sec; 70°C 30 sec) x 35 

(94'C 3min) xl; (94°C 30 sec; 61-C 30 sec; 
72-C 30 sec) x 35; (72°C 1 0 mm) x 1 
{94 °C 3min) xV, (94'C 30 sec; B1«C 30 -« 
72°C 30 sec) X 35; (72°C 10 mm) X 1 



p-actin (control) 285 



San^Hssn**^^ aaCo, Ana, ■ daya ,n 

. medium containing 20% fetal bovine serum (FBS), 

a ^da y a W ^ 

,„„ p,a,a and appaarad to ba pn>«lara«n 9 . A »"J"J^ , after plaUng ,ha cunurea contaMng 
.o torn a va* he,aro g aneou S P—J^ ^ ^ soms pa « e s compdsing a .amy 

sodium huiyraia had a W P r=pa»„ a. apparently dead cafe ^ ^ ^ ^ ^ 

h „ m oae„=ua Ration o, ceiis y '^^at — a,,a r a few daya. ^asa c„ llUre s -ra 

Kaphas, in ma, the ceiis were large '"V™" ft ^ ^ UnWr8W „, 
compared * ou,«u,ea of primary human ha *° e „ Une derWe(1 trom a hepatoblastoma, 

similar to what is reported ,n U.S. Paten. 6««*»>J» h6 , erogws oaa population of celle. 

3), ma cells lookad healthy and the oultures oontarned a remarkably 
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,. v 

^ o. emb-yoid body colls replied and cultured (or a farther 2 days (4X 
Figure 1 shows .he J nepalocyte ^.uon .gen, 

,0X. 20X). The ngh. s,ds shows ^ ^bryold body I plated; the white patch m the middle Is 

, but y ra .e. Arouhdc.ohy.onn.a,^*^ TZ« 1- re J J, ^.0,0^0. rhorph.0,,. The ,e« 
a small region ol dead cells. The other cells mm ^ ^ a ^ area 

Bld e shows cells cuHured In serum-con.aln.ng * an y different ce» types, 

end fonnshete^neous patches ofce,^ 
Four days a«erpla,l„g,cel^ 




(none) 
non-specific lgG1 
AFP 
Albumin 
ai-antittypsin 
CK18 
CK8 
CK19 
Desmin 
Vimentin 
SMA 



30% +ve* 
> 60% +ve 
100% +ve 
100%+ve 
100% +ve 

100% +ve 
< 1% +ve 



100% +ve 
> 80% +ve 
100%+ve 
100%+ve 
100%+ve 

(n.d.) 
100%+ve 
(n.d.) 



^^^^ 
(n.d.) = not determined in this experiment 



SsamBle^^ afte r 4 or 5 days In suspension, and plated on 

-cellde^ 

Figure 2 shows the .orphoiogy of - ~ ^ ^ * the Qther rows , ^ ce „s are 

^0:^ si*h day after piating in the ^J^^^ 
rnarKersbyHT-PCH^^ 

BrdU antibody 24 hours later. 
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» 3 shows the results of immunohistochemlcal staining for certain cell specific markers. Figure 

antibody staining on the nght «de, Hoecnst nn n . b utyrate. Both sets of 

•an /snift shows the resu ts for hES cells cultured o ^ 
the left side. Figure 3B <20X) snows ine re an f rtrvDSi n and CD18, three markers 

rr^vrj="~--~-~ 

progenKor calls. d in n . butyra » (10X and 40X). 

Hgure 4 sho»s tha glyccgan staining pattern = calls cuttur _ y ^ 

The calls we,a ~-> « Perfo* « Sc«s ~" butyrat s traatad =a,,s 

8lal „ «o o-na the cal, cytoplasm »*~d epa.ocy.as (n,dd,a ro„, pos»*e 



control). 



rir^r^==r-rrrx 



TABLE 5: Phenotypeof 


Differentiated Cells 


Primary Antibody Specificity 


% positive cells 


(none) 


0 


non-specific lgG1 


0 


a-fetoprotein 


0 


Albumin 


55% 


a-i-antitrypsin 


90% 


CK18 


100% 


CK8 


100% 


CK19 


100% 


Desmin 


0 


Glycogen staining 


60% 


BrdU staining 


16% 



RTPCR analysis was a.so performed after six days of culture with n-butyrate to look at the 



Table 6. 
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TABLE 6: RTPCR analysis of Gene Expression 







primary 


primary 




hepato- 

cyte 
celt line 


human 
hepato- 


fetal 




cytes 


cytes 




(positive 
control) 


(positive 
control) 


(positive 


p-actin 


+ 


+ 


+ 


a-fetoprotein 


+ 


+ 


+ 


albumin 


+ 


+ 


+ 


cci -antitrypsin 


+ 


+ 


+ 


HNF1a 


+ 


+ 


+ 


HNF3b 


+ 


+ 


+ 


HNF4a 


+ 


+ 


+ 


ASG receptor 


+ 


+ 


+ 


GATA-4 


+ 


+ 


+ 


C/EBPa 


+ 


+ 


+ 


C/EBPB 


+ 


+ 


+ 



Embryoid 
Body cells 

cultured in 
FBS 
(cell 
mixture) 



Embryoid 



Embryoid 

Body RP E 

cells epithelial 

m cell line 
cultured cultured 

witnDMSO ^ (negative 

and growth so dium control) 

factors n-butyrate 



* of sodium butyrate was compared with other 



potential hepatocyte differentiation agents in a 



The effect of sodium Duiy.«» — d and then replated on plates coated 

shown in Table 7. 
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TABLE 7: Hepatocyte Differentiation Agents 



Induction of hepatocyte 
phenotype 



NaCI 
n-Butyric Acid 
Sodium n-butyrate 
a-hydroxybutyric acid 
p-hydroxybutyric acid 
Propionic acid 
Valeric acid 
Isovaleric acid 
Caproic acid 
Isobutyric acid 
Tric hostatin A 

+ Causes"^o^^^ 
- No inductive effect 

^nductive effect; may allow growth or sunav a. of other ce.. types 

k. ■*> had no effect while butyric acid and sodium butyrate were equally 

explicitly required otherwise. were tested at 5 mM. The 

For comparative purposes, a variety of structural 9 he p a tocyte differentiation, 

— 

phenotype was less robust. rinflce tvlase was found to be toxic to cells in the 

Trichostatin A, which is another inhibitor for ^f^^^ A appeared to both induce 

========== — 
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TABLE 8: Phenotype 


of Differentiated Cells 




Primary Antibody 
Specificity 


hES cells 
differentiated using 

Sodium Butyrate 


hES cells 
differentiated using 

Trichostatin A 


primary human 
hepatocytes 


(none) 
non-specific lgQ1 
a-fetoprotein 

albumin 
at-antitrypsin 
CK18 
CK19 


0% 

0% 

0% 

62% 

90% 

100% 

100% 


41% 
81% 
>70% 
>90% 


0% 
0% 
0% 
> 80% 
90% 
100% 
100% 


Glycogen staining 


>60% 


> 50% 


>80% 



The following alternatives were tested: 

rrrr ~ B s, — - — . — - — — 

The cells «ara maintained teasel — ' a " d re <* aU>d "' 

determine 1h-r eftects on hepatooyte maturation and cel. phenotype. 

BsmpJe^J Mlnr nthFS-dn1v>rt hepatites transduC ed «Kh a ratfovi-ua 

"^^^aT^aren.aUono. hES w«h sodrum an hTERT 
e „ 00 d,„ 9 the human homo,o s oHe,onwase MoT** "°>">» 

, e„codi„ 9 secuence trom ^^^Z^^*-* — - - ~ L ™ 

line, and combined with 4 pg/mL polybrene. ^ ft medjum 

S cental ^7^2 a Z: CaN S .ta.ha„sa,a M a auS ,n 8 0.S. 2 .a, g / m Lpu rom v*. The 

and RT-PCR. Tetomerase activity is evaluated using tha TRAP assay. 
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Undifferentiated hES colonies were pas g 37 . 0 The cells were then harvested 

Cultures were Incuuated in 1 mg/mL collagenase o, abo* ™ - «£ ^ a ^ ^ , ;6 

b, scraping me c* of, *e surface^ 

„,„,, -55.000 cells/mL (,7,000 c«cm ). The dHferenUated. Over me rex, ,aw days, the 

a g aln he Identified. Stngle ^ 'n h = * |arge ^ ^ The d— ad 

undlflarantlaled cells were seen to proliferate and the ^ ^ Qf ^ 

Forms exampla. the HO hES cafe ^ ^ ^ ^ ^ ^ ^ MEF- 

P assa g es) before differentiation. The und,flerent,a ed ce»s dmerenlla „o„. Reconditioned 

conditioned medium, .s descnbed elsewhere" thi diacteu- To 

medium was replaced -h SR medium ^T*™^^^ Ln ma, had a hepatocyte*e 
After one day In ,hese conditions, small patches c, cell aoouk lb ^ ^ 

— * * — * • - »~ °TJit:r~^zi» - — «- 

, n me control cultures ,ha, «^ J^;^^ batmen,, me cuhure ma, had received 
with dlflaren, morphologies) was observed. buta(e w calls wfthomermorphologias were 

,he time o, passage The hES ce» line donated HO J „ are passage d into SB 

f— ^e dl— on agen, butyrate was 

. — zrrsss- - . da, „ „ 

. Gelalln coa,ad pla.es In ,h. presence of 5mM Na bu,yra,e and ,%UMSO 
. M a.r ig ar«.coa,edpla,esln,hepresenceo,5mM N abu»„a te . 

o, cells in the culture staining for each of the markers tested is shown in Table 9. 
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E -^^^7h6^»s were manned » ^oafi. ^ration .actors DMSO 
The strategy was to ,n,«atea g ,ohald-« 
„, retanolc acid (RA) to a subconfluent culture. The cells are 

addition ot Na-butyrate. ^jferantiated cultuie conditions (or 2-3 day* after splitting. At 

The hES calls were marntemed ,n <»**™™* unoond ,Uoned SR medium 

, Ms «, the cells we. 60-60% contiuen, and ^ - - I 4 days and men exchanged into 
containing .% DMSO. Ths cuitures were fed « - ^ ^ w m . dlum tet , 

As shown , Table ,he cells w« = ~ ^ ^ ^ ^ ^ 
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TABLE 1 0: Phenotype of Differentiated Cells 



Antibody Specificity 



No trypsinization 
% positive 



Trypsinization 
% positive 



(no primary antibody) 
(|gG1 control) 

albumin 
ai-antitrypsin 
a-fetoprotein 
Cytokeratin 8 
Cytokeratin 18 
Cytokeratin 19 
glycogen 



0 


0 


0 


o 


11 % 


63% 


>80% 


> 80 % 


0 


0 


>80% 


45% 


>80% 


30 % " 


>80% 


30% 


0 


>50% 



The EBs v.ere plated on the following matnoes: 

1 collagen I (0.03 mg/mL coated overnight at 37 C) 

2. grollao.orreduoedMa^d^O.coaUd.orlh atrootntemp) 

3. g el«tin(1%coatedfor2hat37-C) momho|oalca „ y and using immunocytoohamialry lot 
Mte, e days in Na-butytete the cells were Thia.ocy.le «» were Cserved. 
hepetocye marKers. In « condilions. .^^^^n ooatlng oontpatad * 

othet conditions. As shown ,n Table 1 1 . the percentag ^ ^ 

support survival better than gelatin. 
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TABLE 1 1 : Phenotype of Differentiated Cells 
Gelatin 



Antibody Specificity 

(no primary) 
(|gG1 control) 



0 



Butyrate 


Butyrate + 
DMSO 


Butyrate 


0 


0 


° 


0 


0 


0 


0 


0 


0 


50% 


63% 


79% 


>90% 


> 90 % 


>90% 


100% 


100% 


100% 


100 % 


100% 


100% 


> 60 % 


>60% 


>60% 



Butyrate + 
DMSO 



a-fetoprotein 0 3% 79% 75% 

cb 0/ 75 % 50 % 0,3 * 

albumin 56 /<> % >go „ /o 

on 0/ > 90 % > 90 % 

^-antitrypsin >9° /o % 100 % 100% 

CytoKeratinlB 100% 1«* 1Q0% 100 % 

Cyt o k eratin1 9 1»% 1»% >6Q% >60% ^B0%_ 

Glyc ogen >60% >60 _^_ 



eariier, * g the advents ? 



Undifferentiated cells 
(until confluent) 



TABLE 12: Direct Differentiation Protocols 



Feeder-free conditions 



Feeder-free conditions 



Feeder-free conditions 



Feeder-free conditions 



Pre-differentiation 
(4 days) 



20% SR medium + 
1% DMSO 



20% SR medium + 
1% DMSO 



20% SR medium + 
1% DMSO 



20% SR medium + 
1% DMSO 



Hepatocyte induction 
(6 days) 



20% SR medium + 
1%DMSO + 
2.5 mM butyrate 



20% SR medium + 
1% DMSO + 
2.5 mM butyrate 



20% SR medium + 
1% DMSO + 
2.5 mM butyrate 



Further differentiation 
(Groups 1-3 only, 

4 days) 

HCM + 30 ng/mL hEGF + 
10 ng/mL TGF-a + 
30 ng/mL HGF + 

1%DMSO + 
2.5 mM butyrate 

20% SR medium + 
30 ng/mL hEGF + 
1 0 ng/mL TGF-a + 

30 ng/mL HGF + 
1%DMSO + 

2.5 mM butyrate 

Strom's medium + 
30 ng/mL hEGF + 
10 ng/mL TGF-a + 

30 ng/mL HGF + 
1%DMSO + 

2.5 mM butyrate 



HCM + 30 ng/mL hEGF 4 
10 ng/mL TGF-a + 
30 ng/mL HGF + 

1% DMSO + 
2.5 mM butyrate 
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Feeder-free conditions 




Feeder-free conditions 



Feeder-free conditions 



Feeder-free conditions 



Feeder-free conditions 



20% SR medium 
1%DMSO 



HCM + 30 ng/mL hEGF + 
10 ng/mL TGF-ct + 
30 ng/mL HGF + 
1%DMSO 

20% SR medium + 
30 ng/mL hEGF + 
10 ng/mL TGF-a + 
30 ng/mL HGF + 
1% DMSO 

Strom's medium + 
30 ng/mL hEGF + 
10 ng/mL TGF-a + 
30 ng/mL HGF + 
1% DMSO 



HCM + 30 ng/mL hEGF + 
10 ng/mL TGF-o+ 
30 ng/mL HGF + 

1%DMSO + 
2.5 mMbutyrate 

20% SR medium + 
30 ng/mL hEGF + 
10 ng/mL TGF-a + 
30 ng/mL HGF + 

1% DMSO + 
2.5 mM butyrate 

Strom's medium + 
30 ng/mL hEGF + 
10 ng/mL TGF-a + 
30 ng/mL HGF + 

1%DMSO + 
2.5 mM butyrate 



h ,he « - d — many cans a™ m— ana have a 

ln SR medium. •» <— «» "**«' te " H ™ J nuc ,ea,ed polygon, cell* are common, and have a 

fetal hepatocytes (Row E). 

cytochrome P450 activity. d for 24 ^ 8 hoU rs with or without 
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Claims 

What is claimed as the invention is: 

». .it. .r«d in vitro culture, obtained by differentiating primate 
a differentiated cei. popuiation that can be -^"^ 0 ^ ^ ^ ^ 

piuripotent stem (pPS) cells, where.n at least about 60 /o 
three of the following characteristics: 

. antibody-detectable expression of ^-antitrypsin (AAT), 

. antibody-detectable expression of albumin; 

. absence of antibody-detectable expression of o-fetoprote.n; 

. rt-PCR detectable expression of asialogiycoprotein receptor (ASQR). 

• evidence of glycogen storage; 

. evidence of cytochrome p450 activity; 

. evidence of glucose-6-phosphatase activity; and 

. the morphological features of hepatocytes. 

said characteristics. 

. . * -w™ ftft<>/ Q of the cells have at least seven 
3. Th8d me,en U a. e d=e l lpopula.b n o,c lal n, 1 .»*ere i na. teaa abou,80 i o. t h e c 

of said characteristics. 

1A1/1 A2 acMty is a. leas, as Ngh as in primary human adul. hepatocyfes. 

i=.,m wherein the pPS cells from which the cells 
hava been dilteren«a.ed are human embryomc stam (hES) calls. 

telomerase at an elevated level. 
' envlronmen. that comprises a hepatooyta dllferen.ia.rng agent. 

environment that comprises an extracellular matrix. 

an—n, .ha. comprisas ona o, more hapa.ocyle ma.ura.on ,ac,ors. 
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„ The — « 0 -p^-^1<~«'---*~"^""" 

is either: rnnsistina of dimethyl sulfoxide (DMSO), 



growth factor (HGF), 1L-1 , IL-6, IGF-.. IGF-1., and HBGF-1 

earner,, ease-y free o, feeder ".^-^.orce,,* 

the enriched cell population. 

A — - ~» — P~ - (hPS ' - " Ce ' te " " 

cultured in vitro, comprising: 

agent under conditions that lead to enrichment of the differentiated cells. 

.w nf hPS cells is produced by culturing the cells under 

under conditions that permit enrichment of the differentiated cells, 
differentiated cells. 

18 . The method c, claim 17. „he,e,„ the extract « comprises iaminin, co»a ge n. or ma,*, from 

Engelbreth-Holm-Swarm cells. 
,9. The method o. claim 15-18. «herein .he Oocyte differs— agent is n-butyrate. 
» The method o, Cairn ,5. further composing cuitunng ft. ce„s with one or more hepatoc* — n 
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growth factor (HGF), .L-1. M. «M.«d HBGF-1. 

them into cells having cytochrome p450 activity. 
' cells to express telomere reverse transcriptase. 

25 Thedifferent^^ 

. antibodydetectable expression of a n -antrtryps.n (AAT), 

. antibody-detectable expression of albumin; 

. absenceofantibody-detectableexpressionota-fetoprotein; 

. bt-PCR detectable expression of asialoglycoprotein receptor (ASGR). 

. evidence of glycogen storage; 

. evidence of cytochrome P 450 activity; 

. evidence of glucose-6-phosphatase activity; and 

. the morphological features of hepatocytes. 

, fnr hpnatoce nuiar toxicity, comprising combining a differentiated 

toxic to the cell. 

. 2 , Am -™t^^ 

the change with an ability to modulate hepatocellular funct.cn. 

■ a m ethod of Cairns 26-27, wherein the differentiated cell has been genetically altered to 
28. The screening method or ciaims> cx> * , 
express telomerase reverse transcriptase. 
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device. 

claim 1-14 or 24-25. 

circulates through and is detoxified by the device. 
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Fiqure 1 




- w v^r^v^ "■ ' * 






< v. :v^- ~ , 


FBS Alone FBS + Sod.un, 
Butyrate 



10x 



20x 



SUBSTITUTE SHEET (RULE 26) 
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Figure 2 
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Figure 3A 
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Figure 4 



10x 



40x 



HuES Cells 
in Sodium 
Butyrate 



Human Fetal 
Hepatocytes 



""v. £<. 



Human 
Fibroblasts 
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